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A histochemical analysis of concentration changes in glycoproteins 
during early brain development (4-day to 8-day) in the White Leghorn 
14 
chick embryo using Alcian blue and C-mannose was undertaken. Staining 
with Alcian blue showed that acid mucopolysaccharides are components 
of cerebrospinal fluid and that as development continues, there is an 
14 
increase in the amount of these glycoproteins present. C-mannose 
injected into the air sac and later visible in the mesocoel proved 
that this label fulfills the requirements as a radioactive marker for 
embryonic chick brain glycoproteins in the cerebrospinal fluid. 
The effects of DMSO and physiological saline on glycoproteins 
concentration were also examined. Injections of physiological saline 
and 50% DMSO made into the air sac of 3-day embryos and studied for 
periods of 24 hr (4-days old) to 102 hr (8-days old), afterwards exhibited 
lesser intensity of stain within the mesocoel when compared to the 
normals. The stain intensity of the DMSO-treated embryos was less than 
that of the saline-treated rmbryos, thereby indicating a decrese in 
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acid mucopolysaccharide synthesis. Electrolyte imbalances imposed by 
the physiological saline were proposed to affect acid mucopolysaccharide 
synthesis in one of two methods: (1) the presence of physiological 
saline caused the inhibition of synthesis of some mucopolysaccharides 
and the enhancement of synthesis of another glycoprotein, or (2) the 
saline caused a modification of acid mucopolysaccharide synthesis, 
thereby rendering them neutral. By day 8 the saline begins to effect 
the other glycoproteins as well, resulting in an overall decrease in 
glycoprotein synthesis. The decrease in intensity of Alcian blue in 
DMSO-treated embryos appeared to be due to inhibition of monosaccharide 
penetrance through the cell by DMSO. It was proposed that the DMSO 
caused a modification of the sterioisomerism of lipid and carbohydrate 
moieties of the cell membrane. 
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CHAPTER I 
INTRODUCTION 
Developmental biologists have studied the mechanisms of morphogenesis 
for the past 80 years. Fluid changes have been implied as indirect 
or direct causes of morphological changes. The closing of the neural 
tube and subsequent growth of the amphibian nervous system has been 
attributed to water absorption (Glaser, 1914), rather than to the result 
of the synthesizing processes ordinarily associated with cell multipli¬ 
cation. Lovtrup (1960) observed increases in water uptake during 
neurulation in amphibian embryos. During segmentation a considerable 
amount of swelling occurred, but during gastrulation the volume remained 
constant and then increased again with neurulation. This was the 
pattern which resulted as the volume changed. Glaser (1914) suggested 
that the time of occurrence of these volume changes may be related to 
morphogenesis in the amphibian embryo. By inserting a glass needle 
into the eye of the 4-day chick embryo, which permitted continuous 
drainage of ocular fluids, Columbre (1956) found that the loss of 
differential corneal curvature and other eye abnormalities could be 
induced the seventh day of development. He ascribed these results to 
abnormal changes in intraocular pressure induced by the drainage of 
ocular fluids. The importance of water uptake for the spacing of 
rabbit blastocysts in the uterus as well as for their ensuing development 
was shown by Boving and Tuft (1968). 
The brain of the chick embryo rapidly began both to enlarge and to 
change shape on the second day (stage 12) of incubation (Hamburger and 
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Hamilton, 1951). During the next 26 hr, torsion, flexure and extensive 
bulging and furrowing of the brain occurred. A number of investigators 
have studied osmotic pressure, cerebrospinal pressure and viscosity 
changes as probable causes for these alterations. By intubating brains 
of chicks and comparing brain cavity and tissure volume in normal 
and intubated embryos, Desmond and Jacobson (1977) found that the 
increase in cavity volume is greatly reduced, whereas brain tissure 
continued to grow at a reduced rate and folded into the ventricles. 
They ascribed this result to the fact that a mechanical force, cerebro¬ 
spinal fluid pressure, as well as an increase in cell number and size, 
was necessary for normal brain enlargement and shaping. Houston (1976) 
found that there were marked changes in the viscosity of cerebrospinal 
fluid between days 4 through 8 in the chick embryo. At day 4 viscosity 
was markedly high, whereas from days 5 through 6 it was reduced, and 
at day 7 markedly increased again and continuously increased through day 
8. He suggested that this change may be due to changes in the macro- 
molecular composition of the cerebrospinal fluid in a regulatory 
sequence of timed intervals. 
Browne and Grabowski (1978a) showed that there was an increase in 
mid-brain fluid from day 4 through 7 followed by an abrupt decrease at 
day 8. During this period electrolyte (Na+ and K+) concentration 
remained constant. They ascribed the observed changes in osmotic 
pressure to changes in organic compounds which accounted for the increase 
in mid-brain expansion. Grabowski (1970) noted that mid-brain stained 
with Alcian blue, indicating the presence of acid mucopolysaccharides. 
On this basis, the empirical viscosity changes suggested that osmotic 
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pressure changes observed may possibly be due to metabolic changes in 
thes mucopolysaccharide secretions (Browne and Grabowski, 1978b). 
Brain tissue contains a high concentration of heterogeneous glyco¬ 
proteins (Bogoch et al., 1964) and consequently the amount of any one 
glycoprotein is probably rather limited. Since standard analytical 
techniques of carbohydrate chemistry require fairly large amounts of 
material and are often rather tedious, the study of brain glycoproteins 
can be facilitated by procedures for specifically labeling the glyco¬ 
proteins with radioactive presursors. Therefore, in this investigation 
a histochemical analysis (using Alcian blue and ^C-mannose) of 
concentration changes in glycoproteins during early brain development 
in the chick was undertaken. Since Browne and Grabowski (1978b) 
showed that fluid and electrolyte alterations induced by DMSO in chick 
embryos were accompanied most frequently by anomalies in the developinh 
brain and eye areas, the effects of DMSO and physiological saline on 




According to Weed (1922), Magendie in 1825 was the first to 
effectively describe cerebrospinal fluid. It was described as a clear, 
limpid liquid of low specific gravity (1.004 - 1.006), colorless, and 
having a slight but definite viscosity. This fluid has been demonstrated 
via chemical analysis to contain small quantities of inorganic salts 
bound to proteins and dextrose. Sodium chloride and potassium chloride 
in a ratio of 17.3 to 1 (Mestrezat, 1912) are the main inorganic salts 
present. Bell and Freeman (1971) stated that the mean concentration 
of sodium, potassium, and chloride has been found to be 159 mEq/1, 
4.16 mEq/1, and 142 mEq/1, respectively, and that the average pH 
value is 7.75. Weed (1922) proposed that these chemical and physiological 
characteristics may have promoted Halleburton to describe cerebrospinal 
fluid as "an ideal physiological saline solution" bathing the neurons 
and maintaining their osmotic equilibrium. A constant production of 
the cerebrospinal fluid, its passage through the cerebral venticles and 
thence throughout the subarachnoid space, and its subsequent major 
absorption into the nervous system, has been evidenced. 
Various proposals have been put forth as to the probable origin of 
cerebrospinal fluid. Freemont-Smith (1927), Foley (1923) and Mestrezat 
(1912) thought the cerebrospinal fluid was an ultrafiltrate or dialysate 
of the blood plasma. Although the adult cerebrospinal fluid seems to be 
4 
5 
produced mainly by those ependymal differentiations which form the 
choroid plexi (Milhorat, 1976; Curtis et al., 1972), in the embryo the 
whole ependyma has been proposed to be involved (Weiss, 1934; Bering 
1955, 1962). Flexner (1938) showed in the fetal life of the pig that 
the cerebrospinal fluid changed from an ultrafiltrate to a secretion. 
Various investigators have studied the alterations in pressure 
of the cerebrospinal fluid, affected by either the introduction of 
various substances into the blood stream or alimentary canal or the 
intubation of glass needles. Weed and McKibben (as cited in Weed, 
1922) found marked alteration in the volume of the brain accompanying 
these changes in fluid pressure. Hypertonic solutions produced a 
small shrunken brain, while hypotonic solutions caused marked swelling 
of the brain substance. These results were similar to those of 
Desmond and Jacobson (1977) who found that by intubating brains and 
comparing brain cavity and tissue volume in normal and intubated 
embryos the increase in cavity volume is greatly reduced, whereas brain 
tissue continues to grow at a reduced rate and folds into the ventricles. 
Marked changes in the osmotic pressure of the cerebrospinal 
fluid of the normal chick embryo during development were reported by 
Browne(1970a). The effect of DMSO, an increase in the osmotic 
pressure of cerebrospinal fluid (Browne, 1970b) agreed with the work 
of Dixon and Halleburton (as cited in Weed, 1922). They found that 
drugs caused a secretory rise in cerebrospinal fluid pressure, and 
declared that the cerebrospinal fluid served as the lymph of the brain 
and seemed to function as an accessory fluid to the central nervous 
system. 
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In handling the normal cerebrospinal fluid and drug-induced 
cerebrospinal fluid, Browne (1970b) and Houston (1976) noticed a 
change in the viscosity of this fluid. Browne gave an empirical 
postulation of viscosity changes. At day 4 the cerebrospinal fluid 
of the chick embryo is extremely viscous, practically a gel. It 
decreased in viscosity at successive 24 hr periods on days 5 through 7; 
and on day 8 cerebrospinal fluid viscosity increased, but still was not 
quite as mucilagenous as on day 4. The cerebrospinal fluid of young 
chick embryos stained with Alcian blue indicated the presence of acid 
mucopolysaccharides (Grabowski, 1970). On this basis Browne (1970b) 
concluded that the viscosity changes suggested that possibly the 
osmotic pressure changes may be due to regulated degradation of 
mucopolysaccharides. 
The cerebrospinal fluid system is responsive to a wide variety of 
physiological influence and is hydrostatically precise (Milhorat, 1976). 
There are several factors which determine the cerebrospinal fluid 
pressure (Ayers, 1924): (1) the intracranial venous pressure, the most 
important according to Bowsher (1960) and Davson (1967): (2) the 
"secretion pressure" of the cerebrospinal fluid; (3) the intracranial 
arterial pressure; (4) the bulk of the brain; (5) the rate of absorption 
(6) the hydrostatic pressure, and (7) the pressure of the surrounding 
coverings (dura and skull). Cerebrospinal fluid pressure was decreased 
by vasoconstrictory influences such as hypothermia and hyperventilation, 
and increased by vasodilatory influences such as inhalation, anesthesia, 
hypercapnia, and hypoxia. 
Clinically, the association of choroid plexus papillomas and 
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hydrocephalus as indirect evidence of the secretory role of the choroid 
plexi has been argued (Milhorat, 1976; Freemont-Smith, 1927; Mestrezat, 
1912). However, cerebrospinal fluid "oversecretions" have yet to be 
demonstrated conclusively (Milhorat, 1976). Dandy and Blackfan (1914) 
provided firm evidence that a considerable volume of cerebrospinal 
fluid was formed constantly in the cerebral ventricles to be absorbed 
mainly within the subarachnoid space by obstructing the aqueduct of 
Sylvius in dogs, thereby producing hydrocephalus. Ventricular 
enlargement will result proximal to any obstruction along the cerebro¬ 
spinal fluid pathways, from the lateral ventricles to the subarachnoid 
space (Milhorat, 1976). 
Glycoproteins 
The sequence of amino acids in the peptide chain of which they are 
composed and the geometrical arrangement of these chains in three- 
dimensional space determine the structural complexity of proteins. 
Glycoproteins characteristically contain carbohydrate chains which 
are attached at various points along the polypeptide chains. Glyco¬ 
proteins are not caharacterized by a unique amino acid composition; 
however, they do have characteristic sugar components which include 
D-galactose, D-glucose, D-mannose, L-fucose, D-xylose, L-arabinose, 
N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, and N- and 0-acetyl 
and N-glycolyl derivatives of neuraminic acid (Spiro, 1970). The 
hexuronic acids, D-glucuronic and L-iduronic acids, should also be 
included in this list of sugar components, as it has become evident 
that most of the mucopolysaccharides in which these sugars occur exit 
covalently bound to proteins (proteoglycans) and, therefore, should be 
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regarded as a specialized group of glycoproteins (Spiro, 1970). A 
multifold increase in the complexity of the total structure of the 
glycoprotein molecule is caused by the inherent complexity of the 
carbohydrate portion, even though the number of simple components of 
oligosaccharides is markedly less than that of the amino acids that 
form proteins. The ways in which they can combine are far greater, 
since each carbohydrate can link to another at half a dozen different 
points -- meaning that a chain of only two of these sugars could exist 
in some 36 (6x6) different structurally isomeric forms (Roseman, 1975). 
Multiple linkages can occur, with its sugar joined, not to two others, 
but to three or more, thereby producing branched chains. 
Carbohydrate Units 
A major problem regarding the structure of glycoproteins is the 
determination of the nature of the carbohydrate units among which the 
sugar components of the protein are distributed (Spiro, 1970; Roseman, 
1975). Consideration has to be given to the number, size and composition 
of these units, as well as to the sequential arrangement of the sugar 
residues. One common characteristic of the oligosaccharides thus far 
analyzed is that though all of them, apart from the shortest and simplest, 
show branching structures, in no case does a given residues result in 
more than two branches (Roseman, 1975). A chain may form two branches 
at a given point, each of which may then divide into two subbranches, 
but never more than two. Moreover, the process of proliferation never 
proceeds beyond the subbranching stage (Roseman, 1975). 
A detailed study of the structure of carbohydrate units of a large 
number of glycoproteins has revealed a relatively conservative utilization 
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of structural patterns with certain preferred sequences recurring in 
many proteins. One of the first types of units to be studied in detail 
representing a frequently occurring structural pattern is the hetero¬ 
polysaccharide unit consisting of oligosaccharide chains with the 
sequence sialic acid (or fucose) - galactose - N-acetyl-glucosamine, 
linked to a core of mannose and additional N-acetyl-glucosamine 
residues (Spiro, 1970). The structure of these units has been 
investigated in fetuin (Spiro, 1964), the c^-macroglobulin (Dunn and 
Spiro, 1967), thryoglobulin (Spiro and Spiro, 1965), the IgG immuno¬ 
globulin (Rothfus and Smith, 1963), fibrinogen (Bray and Laki, 1968), 
chorionic gonadotrophin (Bahl , 1969) and the glomerular basement 
membrane (Spiro, 1967). Units of somewhat simpler construction, 
consisting only of mannose and N-acetyl-glucosamine residues, have 
been described in ribonucléase B (Plummer and Hirs, 1964) and deoxy¬ 
ribonuclease (Catley et al., 1969). These mannose- N-acetyl-glucos- 
amine carbohydrate units differ from the core portion of the complex 
sialic acid-containing heteropolysaccharide units in having a signifi¬ 
cantly greater number of mannose residues (Spiro, 1970). The carbohydrate 
units of mucins, many having blood group activity, are made up of 
galactose, N-acetyl-galactosmaine, N-acetyl-glucosamine, N-acetyl- or 
N-glycolylneuraminic acid, and fucose, but do not contain mannose 
residues (Spiro, 1970). Collagens and basement membranes contain an 




The attachment of the carbohydrate to the peptide portion 
represents the most unique structural feature of glycoproteins. In 
every case studied, it has involved carbon 1 of the most internal sugar 
and a functional group of an amino acid within the peptide chain (Spiro 
1970). It appears that these junctions involve only five of the nine 
sugars, and only five different amino acids, on what is almost a one-to 
one basis. N-acetyl-glucosamine can link only with hydroxylysine, 
xylose with serine, and arabinose with hydroxyproline (Roseman, 1975; 
Spiro, 1970). The only exception to the one-to-one rule is N-acetyl- 
galactosamine, which can link with either threonine or (like xylose) 
with serine (Roseman, 1975). 
In all cases, the bond between sugar and amino acid is of the 
glycosidic type -- 3, <5 or o (Spiro, 1970), in which a hydroxyl from 
the sugar and a hydrogen from the amino acid combine to form a molecule 
of water, leaving a bond between the two molecules (Roseman, 1975). 
In the N-acetyl-glucosamine-asparagine linkage, typically found in 
serum glycoproteins, egg white proteins, enzymes, hormones, and immuno- 
globins (Spiro, 1970), the linkage is between a carbon in the sugar and 
a nitrogen in the amino acid, while in the four other sugar-amino acid 
junctions the link is between a carbon and an oxygen. The N-acetyl- 
galactosamine bond to the oxygen of threonine or serine is typically 
found in mucins, while the other three carbon-oxygen-type bonds are 
found in the mucopolysaccharides (Roseman, 1975). 
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Metabolism of Glycoproteins 
A general scheme of glycoprotein biosynthesis emerges from studies 
done by various investigators. It may be assumed that the peptide is 
synthesized on the polysomes by the usual machinery of protein synthesis. 
On the basis of electron microscopic studies conducted on cells engaged 
in the export of proteins, the protein is then believed to move through 
the channels of the endoplasmic reticulum (Nadler et al., 1964). As 
it progresses through these channels, membrane-bound transferases, 
glycosyltransferases, probably attach one sugar at a time to the growing 
carbohydrate unit. For asparagine-linked carbohydrate units, the most 
internal glucosamine has been suggested to be attached while the peptide 
chain is still bound to the polysomes (Lawford and Schachter, 1966; 
Molnar and Sy, 1967; Louisot, 1971). However, other studies are in 
conflict with these findings (Saricone et al., 1964), and the precise 
site as well as the mode of attachment of this first sugar remains to 
be determined. 
After the passage through the endoplasmic reticulum, the glyco¬ 
protein is believed to reach the Golgi region where it is concentrated 
and packaged for secretion (DeRobertis et al., 1975). In cells active 
in the synthesis of glycoproteins, the Golgi complex is quite prominent 
and reacts intensely with glycoprotein stains (Rambourg et al., 1969). 
Radioautographic studies have suggested that the Golgi apparatus is 
the primary site of carbohydrate attachment, but such studies cannot 
distinguish between the accumulation of newly synthesized material and 
its actual synthesis in that location, because total rather than specific 
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activity is measured (Spiro, 1970; DeRobertis et al., 1975). Specific 
exoglycosidases, such as neuraminidase, B-galactosidase, a-mannosidase, 
a-N-acetyl-galactosaminadase, 3-N-acetyl-glucosaminidases and a-fucosidase, 
along with enzymes involved in the hydrolysis of glycopeptide bonds 
have been described in lysosomal locations and have the acid pH optima 
characteristic of enzymes from this organelle (Spiro, 1970). 
Correlation of Carbohydrate with Function 
The highly diverse nature of glycoproteins indicates that they 
carry out numerous biological functions. They can have enzyme and 
hormone activities; they can take part in antigen-antibody interactions, 
metal and hormone transport, binding phenomena, and the clotting 
mechanism; they can serve as lubricants, filtration barriers, supportive 
structures, and as components of various cellular membranes. While 
the role of the carbohydrate in carrying out these multiple functions 
of glycoproteins is not known in most instances, a correlation of the 
carbohydrate with biological function has been made for several 
proteins. The activity of follicle-stimulating hormone was lost upon 
removal of the terminal sialic acid residues of its carbohydrate unit 
(Spiro, 1970). The transport function of the plasma glycoproteins was 
not affected by the removal of the sialic acid with neuraminadase 
(Muldoon and Westphal, 1967). The removal of the sialic acid, believed 
to be the cause of the viscosity of mucins because of their mutual 
elctrostatic repulsion causing expansion and giving rigidity to the 
molecule, by neuraminadase causes a marked decrease in the viscosity 
of these glycoproteins (Spiro, 1970). 
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Dimethyl sulfoxide 
Dimethyl sulfoxide (DMSO), an aprotic water miscible, highly 
polar organic liquid (MacGregor, 1966), was first synthesized in 1866 
by Alexander Saytzett. It has the following characteristics: (1) a 
molecular weight of 78.13. (2) a molecular structure of a tetrahedral 
form, having oxygen and carbon situated about the sulfur atom, (3) a 
melting point of 18.55 C, (4) a boiling point of 189 C, (5) a versatile 
solvent, having a high dielectric constant (Sears, 1956). Diverse uses 
have been proposed for DMSO for many important therapeutic measures in 
man, animals, and plants, such as anti-inflammatory responses, as solvent 
for growth inhibiting chemicals in the treatment of carcinoma, a 
carrier for iron salts in foliage sprays in citrus agriculture, radio- 
protective effects, and cryoprotective properties for tissues. 
However, its use in man has become controversial due to its toxic and 
teratological effects on mammals even though many claim DMSO to be safe. 
Studies on the metabolism of DMSO indicated the dimethyl sulfide 
excreted in the urine and dimethyl sulfone eliminated in the expired 
air are the end products of its interaction with other compounds in 
man and miniature pigs (Wong et al., 1971) and cats (Distefano and 
Borgstedt, 1964). 
The pharmacotherapeutic properties of DMSO for human use were 
discussed by Huggins (1963). Scherbel (1967), Paul (1967), and Lockie 
and Norcross (1967) showed that persons treated for subdeltoid bursitis 
experienced rapid relief from pain and a gradual return of mobility in 
the treated joints. DMSO has also been shown to cross the blood-brain 
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barrier to assist in the penetration of certain compounds, such as 
^C-premoline (Brink and Stein, 1967), L-dopa (de la Torre, 1970), and 
adrenalin and noradrenalin (Hanig et al., 1971). These findings 
influenced Gosh et al. (1976) and Hanig et al. (1971) to propose that 
DMSO may be potentially a valuable agent for study in psychoparmacologic 
agents and their effects on the metabolism of the brain as well as 
significant in conditions requiring brain amine replenishment. De la 
Torre and Hill (1977) have shown that DMSO is useful in preventing the 
severe neurological and morphological damage seen following cerebro¬ 
vascular insult. DMSO has also been used to aid in clarifying the 
events involved during (Na+ + K+)-activated ATP hydrolysis (Foster and 
Ahmed, 1976; Robinson, 1972; Kanike et al., 1974). 
Even though DMSO may have beneficial effects, reports of toxicity 
and side effects may limit its usefulness in animals. Kligman (1965) 
found that while DMSO did enhance penetrance of drugs through human 
skin, it produced whealing at the sites treated, an indication of 
histamine release. By studying histochemically topical pharmacology 
and toxicology of DMSO, Kligman showed that the "prominent edema" 
was caused by degradation of most cells which could lead to "histamine 
mediated shock-like syndromes" if concentrated DMSO was used extensively. 
He also referred to DMSO as a "potent vasodilator" with a tendency to 
cause blood pooling in peripheral circulation. DMSO has also been 
shown to produce depressant actions on skeletal muscles and on 
cholinesterase activity (Gandiha and Marshall, 1972); to change the 
physical properties of collagen by causing lysis of its intermol ecu!ar 
bonds (Archer and Shieken, 1967), and to have a direct effect on 
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gastric mucus and inhibited acid secretion as well as succinic dehydro¬ 
genase activity (Bralow et al., 1973). 
CHAPTER III 
MATERIALS AND METHODS 
White Leghorn embryonated chicken eggs were incubated in a forced 
draft incubator, maintained at a temperature of 38 ± 2 C. During the 
third day of incubation one third of the eggs were injected with 0.5 cc 
physiological saline, one third with 0.5 cc 50% DMSO (obtained from 
Crown-Zellerbach Corporation and classified as animal grade, high purity, 
i.e., 99.6% DMSO and 0.4% water), and one third allowed to develop 
normally. The eggs were sacrificed from day 4 through day 8, or they 
were pulsed with 0.2 cc ^C-mannose, specif ice activity of 240 mCi/mmole 
and diluted to 0.075 yc/ml (Schwartz/Mann, Orangeburg, N. Y. ) for 8 hr. 
and then chased with 0.2 cc mannose (0.0018 g/ml physiological saline) 
for 12 hr before being sacrificed. 
The embryos were fixed in 10% buffered formalin, dehydrated using 
95% ethanol, absolute ethanol, absolute ethanol/xylene, and xylene, 
and then embedded after infiltration with hard paraffin preceded by 
xylene/soft paraffin. Nonautoradiographed embryos were transversely 
sectioned at 10: y, mounted on albumenized slides, hydrated, stained with 
Alcian blue and dehydrated. 
Autoradiographed embryos were sectioned, put on 0.25% gelatinated 
slides (2.5 g chromium potassium sulfate/liter distilled water), 
dipped in melted, undiluted NTB2 emulsion (Eastman Kodak Co, Rochester, 
N. Y.), allowed to stand in the dark for one week, developed using 
Developer D-19 (Eastman Kodak Co, Rochester, N. Y.) for 6 mn, rinsed 
in distilled water, fixed in Kodak Rapid Fixer (Eastman Kodak Co., 
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Rochester, N. Y.), hydrated, stained and dehydrated according to the 
procedure for the nonautoradiographed sections. Photomicrographs 
and autoradiographs of the mesencephalon area were prepared using 
C-135 (Eastman Kodak Co., Rochester, N. Y.) film with the aid of a 
4X objective lens. 
CHAPTER IV 
EXPERIMENTAL OBSERVATIONS 
Alcian Blue Staining 
The mid-brain of the normal embryo (Fig. 1) is much larger than that 
of either the saline-treated (Fig 2) or the DMSO-treated embryos (Fig. 3). 
The intensity as well as the dispersion of the stain varies also among 
the three embryos. The intensity of the stain of the normal embryo 
is less than that of the saline-treated and DMSO-treated embryos. 
However, the stain is concentrated within the mesocoel in the latter, 
whereas it is dispersed throughout in the mesocoel of the normal and 
saline-treated embryos. 
Developmental changes from 4-day to 5-day embryos show an increase 
in brain size, with the mesencephalon of the normal embryo (Fig. 4) 
still larger than that of the saline-treated embryo(Fig. 5) which is 
larger than that of the DMSO-treated embryo (Fig. 6). In comparing 
the 5-day normal embryo to its 4-day counterpart, two distinct changes 
can be seen: (1) an increase in the intensity of stain, and (2) a 
greater distance between membrane and stain in the 5-day embryo. The 
intensity of the 5-day saline-treated stain is less than that of the 
5-day normal. The saline-treated stain is dispersed in a similar 
manner as its 4-day counterpart, however. The dispersal of the stain 
in the 5-day DMSO-treated embryo is less than that- of the 5-day saline- 
treated embryo. Most of the stain present in the 5-day DMSO-rtreated 
embryo is primarily near the top of the mesocoel. 
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The 6-day embryo (Fig. 7) has a greater intensity of stain than its 
5-day counterpart, the 6-day saline-treated embryo (Fig. 8) and the 6-day 
DMSO-treated embryo (Fig. 9). However, the 6-day saline-treated and 
DMSO-treated embryos showed only a slight increase in stain intensity 
when compared with their respective 5-day counterparts. 
Developmental changes from day 6 to day 7 show that the 7-day 
normal embryo (Fig. 10) has a greater intensity of stain and more areas 
obtaining the stain than its 6-day counterpart, the 7-day saline-treated 
embryo (Fig. 11) and the 7-day DMSO-treated embryo (Fig. 12). The 
7-day saline-treated and DMSO-treated embryos show a greater degree of 
stain intensity than their respective 6-day counterparts. The 7-day 
saline-treated embryo shows more dispersal of stain than the 6-day 
saline-treated embryo. The intensity and concentration of stain in 
the 8-day normal embryo (Fig. 13) are greater than that of the 7-day 
normal, but are approximately the same as that in the 8-day saline-treated 
embryo (fig. 14) and DMSO-treated embryo (Fig. 15). In all three 
embryos the stain is dispersed throughout the mesocoel. 
Autoradiography 
14 C-mannose fulfills the requirements as a radioactive marker for 
embryonic chick brain glycoproteins present within the cerebrospinal 
fluid (Figs. 16-30). When looking at these figures, various comparisons 
can be made. Few grains are present in the radioactive 4-day normal 
embryo (Fig. 16). There are less grains present in this embryo than in 
the 4-day radioactive saline-treated embryo (Fig. 17) and the radioactive 
4-day DMSO-treated embryo (Fig. 18). The intensity of grains is greatest 
Fig. 1 Photomicrograph of a cross section of the mesencephalon of a 
normal 4-day embryo showing light intensity and dispersal of 
stain (large arrows) within the mesocoel (small arrows). 
Alcian blue stained (1445X) 
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Fig. 2 Photomicrograph of a cross section of the mesencephalon of a 
saline-treated 4-day embryo showing dark intensity (compared to 
4-day normal) and dispersal of stain (large arrows) within the 
mesocoel (small arrows). Alcian blue stained (1445X) 
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Fig. 3 Photomicrograph of a cross section of the mesencephalon of a 
DMSO-treated 4-day embryo showing dark intensity (compared to 
4-day normal) and concentration of stain (large arrows) 
within the mesocoesl (small arrows). Alcian blue stained 
(1445X) 
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Fig. 4 Photomicrograph of a cross section of the mesencephalon of a 
normal 5-day embryo showing intensity and dispersal of stain 





Fig. 5 Photomicrograph of a cross section of the mesencephalon of a 
saline-treated 5-day embryo showing intensity and dispersal 
of stain (large arrows) within the mesocoel (small arrows). 
Alcian blue stained (1445X) 
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Fig. 6 Photomicrograph of a cross section of the mesencephalon of a 
DMSO-treated 5-day embryo showing intensity and dispersal 
of stain (large arrows) within the mesocoel (small arrows). 
Alcian blue stained (1445X) 
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Fig. 7 Photomicrograph of a cross section of the mesencephalon of a 
normal 6-day embryo showing intensity and dispersal of stain 
(large arrows) within the mesocoel (small arrows). 






Fig. 8 Photomicrograph of a cross section of the mesencephalon of a 
saline-treated 6-day embryo showing the intensity and dispersal 
of stain (large arrows) within the mesocoel (small arrows). 
Alcian blue stained (1445X) 
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Fig. 9 Photomicrograph of a cross section of the mesencephalon of a 
DMSO-treated 6-day embryo showing the intensity and dispersal 
of stain(large arrows) within the mesocoel (small arrows). 
Alcian blue stained (1445X) 
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Fig. 10 Photomicrograph of a cross section of the mesencephalon of 
a normal 7-day embryo showing the intensity and dispersal 
of stain (large arrows) in the mesocoel (small arrows) 
Alcian blue stained (1445X) 
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Fig 11 Photmicrograph of a cross section of the mesencephalon of 
a saline-treated 7-day embryo showing the intensity and 
dispersal of stain (large arrows) within the mesocoel 
(small arrow). Alcian blue stained (1445X) 
30 
* 
Fig. 12 Photomicrograph of a cross section of the mesencephalon of a 
DMSO-treated 7-day embryo showing the dispersal and intensity 
of stain (large arrows) within the mesocoel (small arrow). 
Alcian blue stained (1445X) 
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Fig. 13 Photomicrograph of a cross section of the mesencephalon of 
a normal 8-day embryo showing the intensity and disperal of 
stain (large arrows) within the mesocoel (small arrow). 
Alcian blue stained (1445X) 
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Fig. 14 Photomicrograph of a cross section of the mesencephalon of 
a saline-treated 8-day embryo showing the intensity and 
dispersal of stain (large arrows) within the mesocoel 
(small arrows) Alcian blue stained (1445X) 
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Fig. 15 Photomicrograph of a cross section of the mesenchephalon of 
a DMSO-treated 8-day embryo showing the intensity and dispersal 
of stain (large arrows) within the mesocoel (small arrows) 







in the radioactive saline-treated embryo. The radioactive normal 
contained an intensity greater than the radioactive DMSO-treated embryo. 
The Alcian blue stain can be seen in the mesocoel but it is not 
predominant in all the figures. 
Figures 19 through 21 are autoradiographs of 5-day radioactive 
normal, radioactive saline-treated and radioactive DMSO-treated embryos, 
respectively. The 5-day radioactive normal embryo (Fig. 19) contains 
more grains and a greater intensity of grains than the radioactive 5- 
day DMSO-treated embryo (Fig. 21) and the radioactive 4-day normal 
embryo; however, it has fewer grains and intensity of grains than the 
radioactive 5-day saline-treated embryo (Fig. 20). The radioactive 
5- day saline-treated embryo contains grains of a lesser intensity than 
its 4-day counterpart. The radioactive 5-day DMSO-treated embryo 
showed approximately the same number of grains and degree of intensity 
of these grains as its 4-day counterpart. The Alcian blue background 
within the mesocoel is not as visible in these figures as in the 4-day 
figures. 
The radioactive 6-day normal embryo (Fig. 22) show fewer grains 
than the radioactive 6-day saline-treated embryo (Fig. 23), but more 
grains than the radioactive 6-day DMSO-treated embryo (Fig. 24), as 
well as its 5-day counterpart. The radioactive 6-day saline-treated 
embryo contains more grains than its 5-day counterpart. The radioactive 
6- day DMSO-treated embryo contains more grains than the radioactive 
5-day DMSO-treated embryo. The Alcian blue stain within the mesocoel is 
visible in Fig. 22 but only faintly in Figs. 23 and 24. 
The radioactive 7-day normal embryo (Fig. 25) contains grains that 
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are less dense and less intense than its 6-day counterpart. These 
same grains are more intense than the radioactive 7-day DMSO-treated embryo 
(Fig. 27). They are less intense than the radioactive 7-day saline- 
treated embryo (Fig. 26), which is less dense and intense than its 
6-day counterpart. The radioactive DMSO-treated embryo has less grains 
and intensity than its 6-day counterpart. The Alcian blue has now become 
predominant again. 
Due to the depth of the division between hemispheres in the 
mesencephalon of the 8-day embryos, only one hemsiphere is present in 
Figs. 28-30. In these figures there are fewer grains and less intensity 
of these grains present than in their respective 7-day counterparts. 
The radioactive 8-day normal embryo (Fig. 28) contains more grains and 
a greater intensity of these grains than the radioactive 8-day DMSO- 
treated embryo (Fig. 30), which in turn contains more grains than the 
radioactive 8-day saline-treated embryo (Fig. 29). The Alcian blue 
background is more pronounced than the autoradiographic grains in all 
the figures. 
Fig. 16 Autoradiograph of a cross section of the mesencephalon 
labeled with ^C-mannose of a 4-day normal embryo showing 
the intensity and dispersal of grains (large arrows) withi 
the mesocoel (small arrow). Alcian blue stain within the 
mesocoel visible (middle size arrow) but not predominant. 
(1445X) 
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Fig. 17 Autoradiograph of a cross section of the mesencephalon 
labeled with ^C-mannose of a 4-day saline-treated embryo 
showing the intensity and dispersal of grains (large arrows) 
within the mesocoel (small arrow). The Alcian blue stain 
(middle size arrow) is also visible but not predominant 







Fig. 18 Autoradiograph of a cross section of the mesencephalon 
14 labeled with C-mannose of a 4-day DMSO-treated embryo 
showing the intensity and dispersal of grains (large arrows 
within the mesocoel (small arrow). The Alcian blue stain 
(middle size arrow) is also visible but not predominant 
in the mesocoel. (1445X) 
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Fig. 19 Autoradiograph of a cross section of the mesencephalon labeled 
with ^C-mannose of a normal 5-day embryo showing the intensity 
and dispersal of grains (large arrows) within the mesocoel 
(small arrow). The Alcian blue stain (middle size arrow) 
is also visible in the mesocoel. (1445X) 
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Fig. 20 Autoradiograph of a cross section of the mesencephalon labeled 
with -mannose of a saline-treated 5-day embryo showing the 
intensity and disperal of grains (large arrows) within the 
mesocoel (small arrow). The Alcian blue stain (middle size 
arrow) is also visible within the mesocoel. (1445X) 
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Fig. 21 Autoradiograph of a cross section of the mesencephalon labeled 
with ^C-mannose of a DMSO-treated 5-day embryo showing the 
intensity and dispersal of grains (large arrows) within the 
mesocoel (small arrow). The distribution of the Alcian blue 
stain (middle size arrow) is also visible within the mesocoel. 
(1445X) 
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Fig. 22 Autoradiograph of a cross section of the mesencephalon 
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labeled with C-mannose of a normal 6-day embryo showing 
the intensity and dispersal of grains (large arrows) within 
the mesocoel (small arrow). The distribution of the Alcian 
blue stain (middle size arrow) is visible within the mesocoel. 
(1445X) 
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Fig. 23 Autoradiograph of a cross section of the mesencephalon 
labeled with ^C-mannose showing the intensity and dispersal 
of grains (large arrows) within the mesocoel (small arrow) 
of a saline-treated 6-day embryo. The Alcian blue (middle size 
arrow) is faintly visible within the mesocoel. (1445X) 
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Fig. 24 Autoradiograph of a cross section of the mesencephalon labeled 
with ^C-mannose of a DMSO-treated 6-day embryo showing the 
intensity and dispersal of grains (large arrows) within the 
mesocoel (small arrow). The Alcian blue stain (middle size 
arrow) is faintly visible in the mseocoel. (1445X) 
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Fig. 25 Autoradiograph of a cross section of the mesencephalon 
labeled with ^C-mannose of a 7-day normal embryo showing 
the intensity and dispersal of grains (large arrows) withi 
the mesocoel (small arrow). The Alcian blue stain (middle 
size arrow) is visible within the mesocoel. (1445X) 
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Fig. 26 Autoradiograph of a cross section of the mesencephalon labeled 
with ^C-mannose of a 7-day saline-treated embryo showing the 
intensity and dispersal of grains (large arrows) within the 
mesocoel (small arrow). The Alcian blue stain (middle size 
arrow) is also visible within the mesocoel. (1445X) 
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Fig. 27 Autoradiograph of a cross section of the mesencephalon labeled 
with ^C-mannose of a 7-day DMSO-treated embryo showing the 
intensity and disperal of the grains (large arrows) within the 
mesocoel (small arrow). The Alcian blue stain (middle size 
arrow) is also visible. (1445X). 
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Fig. 28 Autoradiograph of a cross section of the mesencephalon labeled 
with ^C-mannose of a normal 8-day embryo showing the intensity 
and dispersal of grains (large arrows) within the mesocoel 
(small arrow). The Alcian blue stain (middle size arrow) is 
predominant within the mesocoel. (1445X) 
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Fig. 29 Autoradiograph of a cross section of the mesencephalon labeled 
with ^C-mannose of a saline-treated 8-day embryo showing the 
intensity and disperal of grains (large arrows) within the 
mesocoel (small arrow). The Alcian blue stain (middle size 
arrow) is predominant within the mesocoel. (1445X) 
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Fig. 30 Autoradiograph of a cross section of the mesencephalon labeled 
with l^C-mannose 0f a DMSO-treated 8-day embryo showing the 
intensity and dispersal of grains (large arrows) within the 
mesocoel (small arrow). The Alcian blue stain (middle size 




The biosynthesis of brain glycoproteins and their involvement in 
the specialized functions of brain tissue is presently of great interest 
from a double standpoint. First of all these macromolecules are 
numerous and, secondly, there is a great variety of membranous structures 
which are normally transglycosylation sites in cerebral cells (Louisot, 
1971). Therefore, glycoproteins have been regarded by many investigators 
as informational macromolecules (Brunngaber, 1969; Louisot, 1971; Di 
Benedetta and Cioffi, 1971) due to their morphological location 
(Rambourg and Leblond, 1967), peculiar metabolism (Bosman et al., 1969; 
Spiro, 1970), and large heterogeneity (Schmidd et al., 1962; Spiro, 1970). 
The presence of acid mucopolysaccharides has been demonstrated by 
chemical and histochemical studies in various stages of postnatal 
development in central and peripheral nervous tissues (Margolis, 1967; 
Szabo and Roboz-Einstein, 1962; Margolis et al., 1975). From this 
investigation, it is apparent that acid mucopolysaccharides as well as 
other glycoproteins are some of the components within the mesocoel of 
the embryonic chick. After being injected into the air sac of the 
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developing egg, C-mannose was incorporated into the presumptive choroid 
plexus from which it is secreted as a component of the glycoproteins 
within the cerebrospinal fluid. 
The carbohydrate units of most glycoproteins can be isolated as a 
glycoprotein.with a few amino acids attached after extensive proteolytic 
52 
53 
digestion of the peptide portion (Spiro, 1970). The carbohydrate units 
of glycoproteins range in size from simple monosaccharides or disaccharides 
as in mucins (Graham et al., 1964: Carlson, 1968) and collagens (Spiro, 
1970), to complex heteropolysaccharide units as in plasma glycoproteins 
(Spiro, 1967). Some glycoproteins, such as ovalbumin (Brag and Hough, 
1961), ribonucléase B (Plummer and Hirs, 1964), or deoxyribonuclease 
(Catley et al., 1969) have only a single carbohydrate unit per molecule, 
while others may have multiple units reaching as high as 800 in the 
submaxillary glycoprotein (Graham et al., 1964). Samples of cerebro¬ 
spinal fluid were not obtained and chemically analyzed; therefore, there 
is no way of knowing if each of the grains presented in the autoradio¬ 
graphs represents a single carbohydrate unit per molecule or a multiple 
of units. 
An analysis of the development of the brain of the normal and 
saline-treated chick embryos from day 4 through day 8 showed that there 
was an increase in acid mucopolysaccharide synthesis. However, this was 
not the total picture. An increase in monosaccharide incorporation 
leading to an increase in glycoprotein synthesis was evident between 
day 4 and day 6, whereas a decrease in synthesis was unmistakable in 
both day 7 and day 8. Therefore, the increase in the amount of Al ci an 
blue present was due to an accumulation of previously synthesized 
glycoproteins and not to the synthesis of new glycoproteins. 
Physiological saline-treated embryos, however, did have a lesser 
intensity of Alcian blue than normal embryos. Inspection of the auto¬ 
radiographs indicated that more monosaccharide incorporation occurred in 
the saline-treated embryos than the normal embryos from day 4 through 
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day 7, but less incorporation in the 8-day saline-treated embryo 
than the 8-day normal embryo. From these data, the electrolytic 
imbalance imposed by the physiological saline affected acid mucopoly¬ 
saccharide synthesis by one of two methods: (1) the presence of physio¬ 
logical saline caused a modification of acid mucopolysaccharide synthesis, 
thereby rendering them neutral, or (2) the saline caused the inhibition 
of synthesis of some acid mucopolysaccharides and an enhancement of 
synthesis of another glycoprotein. By day 8 the saline began to affect 
these other glycoproteins, resulting in an overall decrease in glyco¬ 
protein synthesis. Those embryos treated with 50% DMSO were similar to 
the saline-treated embryos by having a lesser intensity of Alcian blue 
within the mesocoel than the normals, even though there was an increase 
of stain from day 4 through day 8. Autoradiographs of these embryos 
revealed that this decrease in intensity was caused by fewer monosaccha¬ 
ride units being incorporated: however, most of those units which were 
incorporated are utilized in acid mucopolysaccharide synthesis. DMSO 
has been shown to increase cell permeability (Kligman, 1965) and to aid 
in the penetration of certain compounds across the blood-brain barrier 
(de la Torre, 1970; de la Torre et al., 1975; Hanig et al., 1971). 
From the data presented in this investigation, it appears as though 
monosaccharide units are inhibited in their penetrance through the cell 
by DMSO. How this inhibition occurs is unknown at this time; however, 
we propose, in conduction with Puig-Muset and Martin-Esteve (1965), 
that DMSO causes a modification in the "pores" of the cell membrane as 
well as modification in the sterioisomerism of lipid and carbohydrate 
moieties of the cell membrane. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
A histochemical analysis of concentration changes in glycoproteins 
during early brain development (day 4 to day 8) in the White Leghorn 
chick embryo using Alcian blue and ^C-mannose was undertaken. The 
effect of DMSO and physiological saline on glycoprotein concentrations 
was also examined. From the data obtained in this investigation the 
following statements can be made: 
1. Staining with Alcian blue shows that acid mucopolysaccharides are 
components of cerebrospinal fluid and that as development continues 
there is an increase in the amount of these glycoproteins present. 
2. 14C-mannose injected into the air sac and later visible in the 
mesocoel proves that this label fulfills the requirements as a 
radioactive marker for embryonic chick brain glycoproteins present 
in the cerebrospinal fluid. 
3. Injections of physiological saline and 50% DMSO into the air sac of 
3-day embryos and studied for periods for 25 hr (4-day old) to 
102 hr (8-day old) afterwards exhibit lesser intensity of stain 
within the mesocoel than the normals. The stain intensity is 
least in those embryos injected with DMSO. These results indicate 
a decrease in acid mucopolysaccharide synthesis. 
4. Electrolytic imbalances imposed by the physiological saline 
affected acid mucopolysaccharide synthesis in one of two methods: 
(1) the presence of physiological saline caused a modification of 
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acid mucopolysaccharide synthesis, thereby rendering them neutral, 
or (2) the saline caused the inhibition of synthesis of some acid 
mucopolysaccharides and the enhancement of synthesis of another 
glycoprotein. By day 8 the saline began to affect the other 
glycoproteins as well, resulting in an overall decrease in 
glycoprotein synthesis. 
5. The decrease in intensity of Alcian blue in DMSO-treated embryos 
appears to be due to inhibition of monosaccharide penetrance through 
the cell by the DMSO. It is proposed that the DMSO causes a 
modification of the sterioisomerism of lipid and carbohydrate 
moieties of the cell membrane. 
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